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Epibenthic marine fish populations were sampled in 
order to establish quantitative base-line data for use in 
long term monitoring of the northern Indian River lagoon 
system, Florida. Fish samples were taken by trawling 
monthly at 8 fixed stations from June through September, 
1979 and 1980. 
Fifty-seven fish species representing 29 families were 
collected. The fish community was numerically dominated by 
a very few species. Anchoa mitchilli alone accounted for 
87% of the 105,853 individuals collected. Abundance, 
dominance, and species diversity were compared among the 
three lagoon subdivisions, Mosquito Lagoon, Indian River, 
and Banana River. Greater numbers of fishes were collected 
in the Indian River, while the highest diversity levels were 
in the Banana River. Although most species were collected 
in all three subareas, gross inequities occurred in the 
numbers of individuals taken. For example, Mosquito Lagoon 
produced significantly more Micropogonias undulatus and 
Leiostomus xanthurus than either the Indian or Banana rivers. 
Significantly more Syngnathus scovelli and Anchoa mit.chilli 
were collected in the Indian River than in the Banana River, 
and the Banana River prod~ced significantly more Lagodon 
rhomboides than the Indian River. The only measured 
environmental parameters that appeared to play significant 
roles in determining fish populations were vegetative cover 
and salinity. 
An importance value (IV) index, combining relative 
abundance, relative frequency of capture, and relative size 
(biomass) per individual, was calculated for each species 
in the community. Dominance ranking by IV has advantages 
over dominance ranking by relative abundance alone and is 
valuable for making comparisons in a long-term monitoring 
study. 
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Estuaries and lagoons make up 80 to 90 percent of 
the Atlantic and Gulf Coasts of the United States. These 
habitats are among the most productive in the world (Odum, 
1961), providing nursery grounds for commercial and sport 
fish and shellfish as well as non-economic fishes and 
invertebrates. It is generally acknowledged that steps 
must be taken to maintain these highly productive ecosystems. 
However, in spite of their biological importance, coastal 
environments in the southeastern U.S. are being developed 
and industrialized at an accelerating rate. Unfortunately, 
this "progress" brings with it alteration or destruction of 
habitats, increased waterway usage, and pollution from 
chemicals, sediments, and waste. Surveillance of these 
threatened aquatic systems is necessary to distinguish 
short-term fluctuations (cyclical or stochastic) from long-
term, perhaps irreversible, trends (Hellawell, 1977). 
Consequently, there is an urgent need for environmental 
research to establish quantitative base-line data for use 
in long-term monitoring programs. 
One approach for monitoring the "health" of an 
environmental system is through the study of a species or 
group of species that reflect the ecological status of the 
2 
sy~tem. Benthic invertebrate species and communities have 
classically been considered to be the best indicators of 
environmental pertuibations becau~e of their persistence, 
sedentary habits, and differing tolerances to stress (Wass, 
1967). However, groups as divergent as wading bird (herons 
and their allies} have been used as indicators of habitat 
quality in coastal environments (Custer and Osborne, 1977). 
There are few published accounts concerning fish 
community diversity as an indicator of environmental quality 
(Bechtel and Copeland, 1970). The use of fishes as 
indicators of disturbance in an estuarine environment was 
first strongly promoted by Bechtel and Copeland (1970). 
They found that fish diversity was inversely proportional 
to pollution in Galveston Bay, Texas. Furthermore, diversity 
indices derived from fish populations were stable enough to 
permit the development of predictive models (Copeland and 
Bechtel, 1974). Other studies that have used fish 
population data in the surveillance of estuarine systems 
have been carried out in Georgia (Dahlberg and Odum, 1970; 
Dahlberg, 1972) and Florida (Livingston, 1977}. 
Florida's gulf coastal marine and estuarine fish fauna 
has received considerable attention during the past 30 years 
(Reid, 1954; Kilby, 1955; Joseph and Yerger, 1956; Springer 
and Woodburn , 1960 ; Tabb et al., 1962; Gunter and Hall, 1965; 
Zilberberg, 1966; Wang and Raney, 1970; Livingston, 1976; 
Livingston, 1977; Livingston et al., 1974; Livingston et al., 
3 
1976; Livingston et al., 1977; Subrahmanyam and Drake, 
1975; and Ogren and Brusher, 1977). In contrast, 
surprisingly few studies have dealt with the ecology of 
fishes inhabiting the east coast of Florida, especially the 
expansive Indian River lagoon system. Published studies of 
the fish fauna of this lagoo~l system have been either 
qualitative (e.g. Evermann and Bean, 1897; Snelson and 
Williams, 1981} or semi-quantitative (Gilmore, 1977). Lack 
of appropriate sampling procedures and quantitative results 
reduce the value of these earlier studies as bases for 
future comparisons. The only quantitative data that exist 
for fish populations in the lagoon system are unpublished 
works by Gilmore (1974, haul seining), Schooley (1977, 1980, 
seining), and Snelson (1980, trawling). The work I report 
here is a continuation of the quantitative trawling program 
initiated by Snelson in 1977. My results provide the first 
quantitative data on the summer-time epibenthic fish 
populations in the Indian River estuary. 
AREA DESCRIPTION 
The Indian River lagoon system extends along the east 
coast of Florida from Ponce de Leon Inlet (Volusia County) 
south to St. Lucie Inlet (Martin County), a distance of 
220 km. Three interconnected bodies of water, Mosquito 
Lagoon, Indian River, and Banana River, compose the system. 
The lagoons are separated from the Atlantic Ocean by narrow 
barrier beaches except in the north-central region where 
Cape Canaveral and Merritt Island are formidable land 
masses. Four small inlets, Ponce de Leon, Sebastian, Fort 
Pierce, and St. Lucie, are the only links between the 
lagoons and the ocean. 
The lagoons vary in width from eight km in the vicinity 
of Titusville to 1-2 km in the central and southern regions. 
The average depth of the system is about 1.5 m and depths 
greater than 4-5 m are primarily confined to dredged basins 
an·d channels of the Intracoastal Waterway. The name "river" 
applied to two of the three major waterways is a misnomer, 
because there is no consistent flow pattern or gradient. 
Wind is the primary cause of water movement, and lunar tides 
are insignificant except near the inlets (Chew, 1956; 
Schneider et al., 1974; and Gilmore, 1977). Fresh water 
runoff is significant only in very localized areas. The 
4 
waters of the lagoons are mesohaline but salinity varies 
considerably with rainfall, evaporation, and proximity to 
ocean inlets. 
5 
Extensive beds of rooted seagrasses are prominent in 
the shoal areas but rarely extend into the deeper, central 
portions of the lagoons. The dominant seagrass species 
throughout the system are Cymodocea filiformis 
(=Syringodium filiforme) (manatee grass), Halodule 
beaudettei (=Halodule wrightii) (shoal grass), and 
Thalassia testudinum (turtle grass) . In addition to 
seagrass, the lagoonal waters are characterized by an 
extensive rnacroalgae flora (Eiseman and Benz, 1975). These 
alga develop attached to the substrate; but after a period 
of growth, they break free and drift across the bottom on 
wind-driven currents. Extensive mats of "drift algae" are 
found throughout the deeper waters of the lagoon system. 
My specific study area was in the northern portion of 
· the Indian River lagoon system in the vicinity of Merritt 
Island in northern Brevard County, Florida (Figure 1). 
Near the northern end of the study area, the man-made 
Haulover Canal connects Mosquito Lagoon and Indian River. 
At the extreme southern end of the study area, the man-made 
barge canal joins Indian River and Banana River. Inst ead 
o f complete bridges, causeways were constructed to carry 
traffic across the Indian and Banana Rivers . The six 
cau~eways effectively .divide the two bodies of water into 
Figure 1. Map of the northern part of the Indian River 
lagoon system, Florida, showing the three 
component bodies of water, important 
landmarks, and eight sampling stations 
employed in this study. 
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semi-isolated basins. The Intracoastal Waterway ·runs 
through Indian River and the northern half of Mosquito 
Lagoon. A series of spoil banks and islands parallel the 
dredged channel. Substantial urban development occurs only 
in the area of Titusville. Considerable industrial and 
military development occurs on Merritt Island (J.F. Kennedy 
Space Center) and Cape Canaveral (Cape Canaveral Air Force 
Station). Man's most dramatic influence on the lagoons in 
this area has been extensive shore-line diking to create 
brackish mosquito-control impoundments. These impoundments 
have eliminated most Spartina marshes native to the area 
and the lagoons are now bordered by mangroves, primarily 
Laguncularia racemosa and Avicennia germinans . 
MATERIALS AND METHODS 
Sampling Stations. Fixed-station sampling rather than 
random sampling was employed in this study. Because trawling 
was difficult and ineffective at depths of less than two 
meters, sampling was limited to the deeper, central areas of 
the lagoons and the dredged channels or basins . Furthermore, 
the extensive accumulation of drift algae made it impossible 
to pull a trawl in some deep-water areas. Thus, the 
selection of sampling stations was dictated in part by the 
sampling gear employed and the nature of the environment. 
After exploratory trawling, eight sampling stations were 
selected that represented "typical" open lagoon habitats and 
gave broad geographical coverage within the study area. 
The study area was naturally divided into three 
subareas. Mosquito Lagoon contained stations 1 and 2, 
Indian River contained stations 3-6, and Banana River 
contained stations 7 and 8. Station locations are shown in 
Figure 1 and brief descriptions follow. 
Station 1: lat. 28° 47' 00 11 N, long. 80° 46' 30" W; 
Mosquito Lagoon ·at navigation marker #31; ca. 17.5 km NNE 
of Titusville. This station, located in the dredge channel 
of the Intracoastal Waterway, had an average depth of 3 .8 rn. 
Bottom sediment appeared to be firm sand. 
8 
Drift algae was 
9 
consistently .present and seagrasses were found in the shoals 
to the east of the station. 
Station 2: lat. 28° 42' 30" N, long. 80° 42' 30" W; 
Mosquito Lagoon, 1 km WNW of Turtle Pen Point; ca. 14 km 
ENE of Titusville. The average depth of the site was 2.6 m. 
Bottom sediment appeared to be sand and silt; drift algae 
and seagrasses were rarely observed. 
Station 3: lat. 28° 43' 30" N, long. 80° 46' 00" W; 
Indian River between the western terminus of Haulover Canal 
and navigation marker #3; ca. 13 krn NNE of Titusville. This 
station, narrowly confined in the dredged channel of the 
Intracoastal Waterway, had an average depth of 3.8 m. 
Bottom sediment appeared to be firm sand. Drift algae cover 
was consistently abundant. 
Station 4: lat. 28° 39' 00" N, long. 80° 48' 00" W; 
Indian River, immediately north of the railroad causeway; 
ca. 3 km NNE of Titusville. The average depth of the site 
was 3.5 m. Bottom sediment was a mixture of firm sand and 
shell rubble. Drift algae was consistently present. 
Station 5: lat. 28° 37' 40" N, long. 80° 48' 30" W; 
Indian River between navigation markers #30 and #31, ca. 
0.25 km south of the Hwy. S.R. 406 bridge span; at Titusville. 
The station was in the dredged channel of the Intracoastal 
Waterway and the adjacent deep areas both east and west. 
The average depth of the site was 3.9 m. Bottom sediment 
appeared to be firm sand with small amounts of shell rubble. 
Drift algae cover was variable. 
Station 6: lat. 28° 25' 00 11 N, long. 80° 44' 30" W; 
Indian River between navigation markers #66 and #67; ca. 
1 km N of the Hwy. S.R. 528 bridge span; ca. 19.5 km SSE of 
Titusville. The station, with an average depth of 3.7 m, 
was located in the dredged channel of the Intracoastal 
Waterway and adjacent waters both east and west. Bottom 
10 
sediment appeared to be firm sand overlain by a small amount 
of silt. Drift algae was low in 1979 but was much more 
abundant in 1980. 
Station 7: lat. 28° 32' 00" N, long. 80° 36' 30" W; 
Banana River between navigation markers #39 and #42, 
immediately west of the Titan Launch Complex on the Cape 
Canaveral Air Force Station; ca. 19 km ESE of Titusville. 
The station, with an average depth of 3.9 m, was narrowly 
confined to the dredged barge channel. The areas to either 
side were extremely shallow and supported extensive seagrass 
growth. Bottom sediment appeared to be a mixture of firm 
sand and shell rubble. Macroalgae cover was consistently 
scarce. 
Station 8: 1 at. 2 8 o 2 4 1 3 0" N, long. 8 0 o 3 8 1 3 0 " W; 
Banana River in a triangular area between navigation markers 
#5, #13, and #15, ca. 0 . 7 km N of the Hwy. S.R. 528 bridge 
span near the western end of the Port Canaveral navigation 
locks; ca. 23 km SSE of Tittisville. The statiori was 
located in the dredged channel and adjacent waters to the 
west and had an average depth of 4.2 m. Bottom sediment 
appeared to be soft silt. Drift algae cover was usually 
low. 
11 
Collection and Processing. Fishes were sampled monthly 
from Jurie to September 1979 and 1980. The sampling gear 
was a 4.9 m semi-balloon otter trawl with 3.2 em mesh in the 
wings and a 6.2 mm mesh innerliner in the cod end. The 
trawl was towed from the stern of a 8.6 m diesel-powered 
work boat at about 4 knots. 
during daylight hours. 
All trawling was conducted 
Seven sequential tows, each lasting two minutes, 
constituted the sampling procedure at a station. All fishes 
collected in a single tow were preserved together in 10% 
formalin and returned to the laboratory for processing. 
Fishes were sorted to species, identified, and enumerated. 
Larvae, mostly Anchoa sp., were excluded from consideration. 
Specimens were measured to the nearest mrn standard length 
(SL) with vernier dial calipers. All individuals of a 
species were weighed together, after blotting and brief 
air-drying, on an electronic toploading balance to the 
nearest 0.1 g. Finally, every fish was assigned to a life 
stage category (young, juvenile, or adult) based on the 
size criteria given in Appendix I. After the fishes from 
each individual tow were p r ocessed, the results from all 
seven tows were merged to form the data set for the station. 
Representative voucher series of all fish species are 
deposited in the museum collections of the University of 
Central Florida and the Florida State Museum at the 
University of Florida, Gainesville . 
names follow Robins et al. (1980). 
Scientific and common 
Measurement of Environmental Factors. Environmental 
12 
parameters were measured, or water samples were taken, 
concurrently with fish sampling. Surface water temperature 
was measured in the field to the nearest half-degree 
centigrade (C). Surface salinity was measured in the field 
with an optical refractometer to the nearest part per 
thousand (ppt). pH of a surface water sample was measured 
in the laboratory to the nearest 0.1 unit. Dissolved 
oxygen concentration was determined in the field from a 
water sample taken 1 rn above the bottom. The Modified 
Winkler Titration method (Strickland and Parson, 1972) was 
used to measure to 0.1 parts per million (ppm). Turbidity 
was measured in the laboratory from a surface water sample 
with a formazin-standardized turbidometer to the nearest 
0.01 National Turbidity Units (NTU). Depth was measured 
at each trawl tow to the nearest 0.1 m. 
The substrate vegetative cover (seagrasses and drift 
algae) could not be observed directly at most trawl stati ons. 
Thus, the relative amount of veget at ion recovered in each 
two-minute trawl tow was used as an index of abundance. 
The contents of each tow were routinely dumped into a 
13 
standard #2 galvanized wash tub and visual estimates were 
made of the tub fullness. Index values ranged from 0 to 10 
in increments of 1 such that 0 = no vegetation recovered in 
the tow, 1 = tub one-tenth full of vegetation, 5 = tub one-
half full, 10 = tub full to rim, etc. Tows that produced 
more than a tub full of vegetation (less than 5% of the tows 
over the entire study) were voided and repeated. For 
statistical analysis of vegetative cover, station mean 
values were grouped into classes as follows: mean abundance 
index 0.0-1.0 = class 1; 1.1-3.0 = class 2; 3.1-5.0 =class 
3; 5.1-7.0 = class 4; and 7.1-10.0 = class 5. 
Community Indices and Statistical Tests. A variety 
of standard descriptive indices were calculated from the 
data: number of species (S), mean number of species per 
tow, mean number of individuals per tow, Margalef's richness 
(D), Simpson's dominance index (SI), Shannon-Wiener 
diversity (H'), redundancy {R), evenness (J') and secondary 
dominance (D2 ). 
All the indices whose calculations are not 
self-explanatory are conveniently summarized by Livingston 
(1976) and Wilhm and Dorris (1968). 
Within each month-station sample, an importance value 
(IV) index was calculated for each fish species. The IV 
index, slightly modified from its application in plant 
ecology (Mueller-Dombois and Ellenberg , 1 974) , was 
calculated by combining frequency of captur e, abundance, 
and size (biomass/individual) data. Each parameter was 
14 
converted to a relative percentage for that month-station 
sample and the three relative values were added to yield an 
IV that ranged from 0 to 300. 
IV = rf (relative frequency of capture) + ra (relative 
abundance) + rb (relative biomass per individual) 
where: 
rf = frequency of capture for species a 
total frequency of capture for 
all species 
ra = individuals of species a caught 




rb = biomass per individual for species a X 100 total biomass per individual for 
all species 
After the IV value is calculated, species are ranked 
from highest IV (most important) to lowest IV (least 
important) . IV rankings were also calculated for the two 
years of study (1979 and 1980), both separately and combined, 
by the appropriate pooling of data sets. 
Comparison of environmental factors, abundance, 
dominance, and diversity among the three subareas were made 
using the Duncan's Multiple Range Test (p< 0.05) (Steel and 
Terrie, 1960). This statistical test was also employed to 
examine the relation of the 10 most abundant fish species 
to the amount of vegetative cover, salinity, and to 
replicate tows. 
Sampling Bias. Although trawling is the preferred 
method for quantitative sampling of estuarine fish 
15 
populations (Recksiek and McCleave, 1973; Livingston, 1976), 
gear bias does exist. Since a trawl is towed at relatively 
slow speed, collections are biased toward slower swimming 
species. Juveniles of most species are taken in largest 
numbers because swimming speed is a function of fish length. 
Very small species may be lost through the large mesh of the 
wings and the trawl may "ride over" fishes that burrow in or 
lie on the bottom. Large amounts of macroalgae accumulating 
in the cod end may collapse the mouth of the trawl, causing 
it to fish improperly. On the other hand, small to moderate 
amounts of algae may act as a fine filter and help retain 
smaller fishes that might have otherwise been lost through 
the mesh. 
Some of these biases are partially negated by the 
repetitive trawling protocol employed herein. The inherent 
advantages of this technique were first suggested by Taylor 
(1953) and were thoroughly explored by Livingston (1976). 
Furthermore, in areas such as the Indian River lagoon 
system, where accumulations of macroalgae are extensive, 
trawling by short repetitive tows is the only way trawling 
can be accomplished. In most cases, tows lasting 5-10 
minutes accumulated such a load of algae that the net 
could not be hoisted from the water. 
I investigated one aspect of the repetitive-trawling 
technique that has not previously been considered. If a 
species were frightened away from an area by trawling 
16 
activities, it should be collected more frequently and in 
greater abundance in the first several (early)_ tows at a 
station, and might be absent or rare ~n progressively later 
tows. On the other hand, some fishes might be attracted to 
the disturbance caused by trawling and these species would 
be more frequent and abundant in later tows. A Duncan's 
Multiple Range test for each of the ten most numerous 
species revealed no significant differences in abundance 
between early, middle, or late tows at a station. This 
result further strengthens the justification of this 
technique and supports the validity of mean values 
calculated from the seven sequential tows. 
RESULTS 
Environmental Factors 
Temperature. The summertime surface water temperatures 
in the study area were relatively uniform and varied only 
slightly from station to station (Table 1). The lowest 
temperature encountered, 28°C, was recorded in Mosquito 
Lagoon and Banana River in July, 1980. The highest 
temperature, 32.5°C, was recorded in Indian River in August, 
1979. 
~- There was little variation in pH in these slightly 
basic waters (Table 1). The only measurements below 7.0 
were recorded in the Indian and Banana Rivers in June, 1980 
and in Mosquito Lagoon in July, 1980. 
Turbidity. Turbidity was consistently low, never 
reaching a level of 5 NTU (Table 1). The low turbidity 
levels reflect the lack of any major runoff or drainage into 
the northern part of the lagoon system. Variation in 
turbidity was caused by wind, water currents, local 
construction, and heavy boat traffic. The highest turbidity 
readings, recorded in September, 1979, were due to 
turbulence created by Hurricane David. Duncan's Multiple 
Range test revealed that Mosquito Lagoon was significantly 




































































































































































































































































































River turbidity values compare favorably with those of St. 
Andrew Bay System which also has little fresh water inflow 
19 
(Ogren and Brusher, 1977). By comparison, the Apalachicola 
Bay system, with a strong river discharge, nearly always 
shows readings in excess of 5 NTU and often in the 10-30 NTU 
range (Livingston et al., 1974). 
Dissolved Oxygen. The daytime dissolved oxygen (DO) 
levels were always near saturation. The relatively low DO 
concentrations in Mosquito Lagoon and Banana River (Table 1) 
are clearly artifacts produced by the diel DO cycle. 
Mosquito Lagoon and Banana River stations were invariably 
sampled in the early morning hours, when DO values are 
expected to be low. Indian River stations were usually 
sampled in late morning or afternoon, when DO levels are 
expected to be elevated due to photosynthesis. 
Salinity. Salinity varied considerably among the three 
subareas in spite of only minor differences in tidal 
influence or freshwater inflow (Table 2). Mosquito Lagoon 
was significantly more saline than Indian River, which in 
turn was significantly (p< 0.05) more saline than Banana 
River. Snelson and Williams (1981), also noted this pattern 
of variation. The lowest salinity value recorded, 22 ppt, 
was measured at stations 4 and 6 in September, 1979; the 
highest salinity recorded, 36 ppt was at stations 1 and 2 in 
September, 1980. Mosquito Lagoon often becomes hypersaline 
in the dry season (winter and spring) and values as high as 
Table 2. Means and ranges of salinity (ppt) in subareas 
and sampling stations in the Indian River lagoon system, 
Florida, summers 1979 and 1980. 
Subarea & 1/ of Salinity 
Stat ion Observations X (range) 
Mosquito Lagoon 16 33.8 (28-36) 
1 8 33.7 (28-36) 
2 8 33.9 (30-36) 
Indian River 32 28.9 (22-35) 
3 8 32.0 (28-35) 
4 8 29.6 (22-32) 
5 8 28.9 (24-32) 
6 8 25.1 (22-27) 
Banana River 16 25.4 (24-27) 
7 8 25.9 (25-27) 
8 8 24.9 (24-26) 
20 
21 
42 ppt have been recorded (Snelson and Williams, 1981). 
Within the study area, salinities generally decreased 
from north to south. The cline was especially clear in the 
Indian River. Station 3 in the north had salinity values 
very near those of Mosquito Lagoon; whereas station 6 in the 
south had values almost identical to those of Banana River. 
Other salinity data for the Indian River lagoons are given 
by Grizzle (1974), Gilmore (1977), and Snelson (1980). 
Vegetative Cover. A list of the most abundant species 
of macroalgae and/or seagrasses at each station is presented 
in Appendix II. The index to the amount of vegetation 
collected monthly at each station and subarea is shown in 
Table 3. With a few exceptions (station 1, 1979, and 
station 6, 1980), the individual monthly, station, subarea 
and overall means clearly show that more vegetation was 
present in the Indian River than in the other two subareas. 
This difference was statistically significant (p< 0.05). 
Fish Populations 
Due to the great quantity of fish data collected, only 
much-reduced summary tables are presented in the text. The 
minimally reduced data, copied directly from computer 
printouts, are presented in Appendices III-V. Because they 
can serve as a quantitative baseline for future evaluations 
of the lagoonal fish populations, these minimally reduced 
data probably will be the most important contributions of 






































































































































































































































































































































































































































































































































































































































































































































































this thesis, including these appendices, will be archived 
at University Microfilms International so that they will be 
readily available to any interested party. 
Species Collected. A total of 57 fish species 
representing 29 families was collected during the study 
(Table 4). Eight species that were collected in 1979 were 
not collected in 1980; while seven species collected in 1980 
were not collected in 1979. Most of the species were 
collected in all three geographic subareas. However, five 
species were restricted to the Indian River and Mosquito 
Lagoon; while four species were only collected in Banana 
River. 
Abundance. The epibenthic fish community was 
numerically dominated by a very few species. The fifteen 
most abundant fishes collected accounted for 99.54% of the 
two year total catch (Table 5). One species, Anchoa 
mitchilli, accounted for 87.47% of the 105,853 individuals 
collected during the two summers. Eighteen species were 
ranked in the top 15 by relative abundance for both sampling 
periods, indicating a relatively stable community (Table 5). 
The mean number of fishes collected per trawl tow was 
greatest in the Indian River (Table 6). This subarea 
produced 22% and 62% more fish per tow than Mosquito Lagoon 
and Banana River respectively. The increased numbers in 
this subarea can be at least partially explained by the 
greater number of Anchoa mitchilli collected there (Tables 
24 
Table 4. A list of fish species collected in the subareas of the 
Indian River lagoon system, Florida, summers 1979 and 1980. X = species 
collected; blank = species not collected. ML = Mosquito Lagoon, 
IR = Indian River, BR = Banana River. 
1979 1980 
Family~ Scientific Name (Common Name) ML IR BR ML IR BR -----
Dasyatidae 
Dasyatis sabina (Atlantic stingray) 
Dasyatis sayi (bluntnose stingray) 
Elapidae 
Elops saurus (ladyfish) 
Clupeidae 
X 
Brevoortia smithi (yellowfin menhaden) 
Harengula jaguana (scaled sardine) X 
Opisthonema oglinum (Atlantic thread-herring) X 
Engraulidae 
Anchoa cubana (Cuban anchovy) 
Anchoa hepsetus (striped anchovy) 
Anchoa mitchilli (bay anchovy) 
Ariidae 
Arius felis (hardhead catfish) 
Bagre marinus (gafftopsail catfish) 
Batrachoididae 
Opsanus tau (oyster toadfish) 
Gobiesocidae 
Gobiesox strumosus (skilletfish) 
Cyprinodontidae 
Lucania parva (rainwater killifish) 
Floridichthys caprio (goldspotted killifish) 
Poeciliidae 
Poecilia latipinna (sailfin molly) 
Syngnathidae 
Hippocampus erectus (lined seahorse) 
Hippocampus zosterae (dwarf seahorse) 
Syngnathus louisianae (chain pipefish) 
Syngnathus scovelli (gulf pipefish) 
Ser ranidae 
Mycteroperca microlepis (gag) 
Echeneidae 





















































































Table 4. (cont.) 
Family, Scientific Name (Common Name) 
Carangidae 
Caranx hippos (crevalle jack) 
Chloroscombrus chrysurus (Atlantic bumper) 
Oligoplites saurus (leather Jacket) 
Trachinotus carolinus (Florida pompano) 
Selene vomer {lookdown) 
Lutjanidae 
Lutjanus griseus (grey snapper) 
Gerreidae 
Diapterus auratus (Irish pompano) 
Eucinostomus argenteus (spotfin mojarra) 
Eucinostomus gula (silver jenny) 
Haemulidae 
Orthopristis chrysoptera (pigfish) 
Sparidae 
Archosargus probatocephalus (Sheepshead) 
Lagodon rhomboides (pinfish) 
Sciaenidae 
Bairdiella chrysoura (silver perch) 
Cynoscion nebulosus (spotted seatrout) 
Cynoscion regalis (weakfish) 
Leiostomus xanthurus (spot) 
Menticirrhus americanus (southern kingfish) 
Micropogonias undulatus (Atlantic croaker) 
Pogonias cromis (black drum) 
Ephippidae 
Chaetodipterus faber (Atlantic spadefish) 
Mugilidae 
Mugil curema (white mullet) 
Blenniidae 
Chasmodes saburrae (Florida blenny) 
Gobiidae 
Gobionellus hastatus (sharptail goby) 
Gobiosoma robustum (code goby) 
Gobiosoma bosci (naked goby) 
Microgobius gulosus (clown goby) 
Microgobius thalassinus (green goby) 
Triglidae 
Prionotus tribulus (bighead searobin) 
25 
1979 1980 




































































































Table 4. (cont.) 
Famil~ Scientific Name (Common Name) 
Bothidae 
Citharichthys spilopterus (bay whiff) 
Paralichthys albigutta (gulf flounder) 
Soleidae 
Achirus lineatus (lined sole) 
Cynoglossidae 
Symphurus plagiusa (blackcheek tonguefish) 
Balistidae 
Monocanthus h i spidus (planehead filefish) 
Tetraodontidae 
Sphoeroides nephelus (southern puffer) 
Diodontidae 


















X X X 
X X 
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7 and 8). 
Although most species were collected at all eight 
stations, gross inequities occurred in the numbers of 
individuals collected in the three subareas (Table 7). For 
example, over 30,000 (adjusted number) Anchoa mitchilli were 
collected in the Indian River and over 20,000 were collected 
in Mosquito Lagoon, but less than 10,000 were caught in the 
Banana River. The Indian River produced over twice the 
number of Syngnathus scovelli as Mosquito Lagoon and over 
three times the number collected in Banana River. Over 1200 
Leiostomus xanthurus were collected in Mosquito Lagoon while 
only about 50 were collected in the other two subareas. 
Other examples are evident from Table 7. 
Statistical comparison among the three subareas 
revealed the following significant differences (p< 0.05). 
Mosquito Lagoon produced more Micropogonias undulatus and 
Leiostomus xanthurus than either the Indian or Banana 
Rivers. The Indian River produced more Syngnathus scovelli 
than either Mosquito Lagoon or Banana River. In addition, 
more Anchoa mitchilli and Menticirrhus americanus were 
collected in the Indian River than in the Banana River. 
Finally, the Banana River yielded more Lagodon rhomboides 
than the Indian River. 
At least some of these subarea differences may be 
explained by regional differences in t wo environmental 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































significantly more vegetation (primarily macroalgae) was 
recovered in Indian River than in the other two bodies of 
water (Table 3). The abundance of both Syngnathus scovelli 
and Gobiosoma robustum was positively correlated with 
vegetative cover (Figure 2) .· In addition, Mosquito Lagoon 
was significantly more saline than the other two subareas 
(Table 1). Both Micropogonias undulatus and Leiostomus 
xanthurus showed a trend for increasing abundance with 
increasing salinity, and the differences were statistically 
significant (p< 0.05) at 31 and 34 ppt, respectively. 
Station 2 in southern Mosquito Lagoon was unique and 
warrants individual comment. No measurable_ amount of 
macroalgae and/or seagrasses was present at this site 
(Table 3). However, large numbers of ctenophores were 
consistent ly trawled along with the fish samples; ctenophores 
were not common at any other station. The bottom appeared 
to be a mixture of sand and soft silt. This station 
produced large numbers of sciaenid fishes, in particular 
Leiostornus xanthurus and Micropogonias undulatus. Of the 
1219 Leiostornus xanthurus collected in Mosquito Lagoon, 947 
were collected at station 2. Over the entire study this 
station alone accounted for 70% of the total individuals 
o f this species collected. Additionally, sta t ion 2 produced 
88 % of t he Micropogonias undulatus collected i n thi s subarea 
a n d 6 7 % of the two-year total for the study regio n. In 
contrast, Syngnathus scovelli and Gobiosoma robusturn, 
Figure 2. Graph of the abundance of Syngnathus scovelli 
and Gobiosoma robustum in relation to 
macroalgae abundance. See text for details 
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species usually associated with algae and/or seagrasses, 
were weakly represented at station 2. Only 4 of the 315 
Syngnathus scovelli collected in Mosquito Lagoon were taken 
at station 2. Over the entire study this station accounted 
for only 0.2% of the total individuals of this species 
collected. Furthermore, station 2 produced only 8% of the 
Gobiosorna robustum collected in this subarea and less than 
2% of the two year total. Although station 2 was clearly 
the most divergent of the 8 stations studied, each station 
had its own subtle peculiarities in fish relative abundance. 
The inclusion of "odd" stations, such as station 2, clearly 
illustrates one of the disadvantages of the fixed-station 
sampling method. 
Dominance and Diversity. In an analysis of the 
Apalachicola Bay fish community, Livingston (1976) showed 
a high degree of correlation among several species diversity 
indices. My data are in agreement. Simpson's index, the 
Shannon-Wiener index, redundancy, evenness, richness, and 
relative dominance are highly and significantly (p< 0.05) 
correlated (Table 9). Furthermore, all six measures are 
highly and significantly correlated (p< 0.05) with the 
percent Anchoa mitchilli (#A. mitchilli/total # fishes 
collected at a station) . It is clear that changes in the 
abundance a n d rel a tive dominance of this single specie s 
largely dictate the values of most of the diversity indi c es 
utilized. Because of the high correlation among the 
35 
Table 9. Pearson correlation matrix for ten fish community . indices 
calculated from 64 month/station samples from the Indian River lagoon 
system, Florida, summers ~979 and 1980. S ·=no. of species, x1 =mean 
no. individuals per tow, x 2 =mean biomass per tow, . D = Margalef's 
richness index, SI = Simpson's diversity index, Ht = Shannon-Wiener 
diversity index, R = redundancy, .J' - ~ evenness, D2 = relative {secondary) 
dominance, % A.M. = no. Anchoa mitchilli 7 total no. individuals 
collected. - ~ ~ p < 0.05. 
Index s D SI H R J' % A.M. 
s 1.00 0.08 0.42* 0.77* -0.05 0. 13 0.04 -0.09 -0.11 0.11 
x1 1.00 0.71* -0.36* 0.63* -0.62* 0.62* -0.65* 0.52* 0.51* 
x2 1.00 -0.03 0.40* -0.38* 0.42* -0.47* 0.33* 0.34* 
D 1.00 -0.57* 0.66* -0.49* 0.48* -0.61* -0.34* 
SI 1.00 -0.98* 0.98* -0.98* 0.92* 0.87* 
H' 1.00 -0.97* 0.97* -0.96* -0.83* 
R 1.00 -0.99* 0.94* 0.87* 
J' 1.00 -0.92* -0.88* 
D2 1. 00 0.78* 
% A.M. 1.00 
36 
indices, I will consider only three in detail: number of 
species (S), relative dominance (D2 ; Livingston, 1976), and 
the Shannon-Wiener index (H'). 
Significantly, (p< 0.05) more fish species were 
collected at stations in Mosquito Lagoon and Banana River 
than at stations in Indian River (Table 10). Despite this 
inequity, there was only slight variation in monthly subarea 
totals; and the mean number of species caught per station 
over the entire study was 13. Values ranged from a low of 
6 (station 3, August, 1979 and station 2, June, 1980) to a 
high of 23 (station 7, August, 1979). 
There was little variation in relative dominance (D2 ) 
in overall subarea and station means (Table 11). The 
slightly lower values and broader range exhibited by Banana 
River correlates with the higher species diversity level 
found in this subarea. The consistently high values of this 
dominance measure reflect the numerical predominance of a 
very few species. Anchoa mitchilli numerically dominated 
at virtually all study stations in all months. Over the 
entire study, it was the first dominant species in 51 of 64 
month-station samples, and was the second dominant species 
in two samples. The second dominant species was more 
variable. In Mosquito Lagoon, Bairdiella chrysoura was the 
second dominant in 7 of the 16 month-station samples. 
Leiostomus xanthurus and Anchoa mitchilli were each second 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































were the most frequent second dominant species in the Indian 
River, 11 and 9 times respectively out of the 32 month-
station samples. No prominent leaders in secondary 
dominance were evident in the Banana River. Bairdiella 
chrysoura was the second dominant 5 times and Anchoa 
hepsetus 3 times out of 16 month-station samples. 
The Banana River had the greatest overall Shannon-
Wiener diversity index, 1.85 (Table 12). The highest 
monthly value (3.59) and four of the five highest monthly 
values were found in this subarea. The high values in 
Banana River reflect the greater number of species and less 
prominent dominance found there. In contrast, the six 
lowest monthly values were all found in the Indian River, 
reflecting the lower number of species and the predominance 
of Anchoa mitchilli found in the subarea. Although Mosquito 
Lagoon had an overall diversity index identical to that of 
the Indian River, there was much less variability in 
Mosquito Lagoon. Overall, diversity from this study 
compares favorably with other trawl studies in estuaries 
of south Georgia (Dahlberg and Odum, 1970) and Florida 
(Livingston, 1976). 
Importance Values. Seventeen species were ranked in 
the top 15 by importance value (IV) over both sampling 
periods (Table 13). Anchoa mitchilli ranked first for both 
years with an IV value four (1979) and six (1980) times 






































































































































































































































































































































































































































































































































































































































































































Table 13. Importance value (IV) rankings of the top fifteen epiben-
thic fish species collected in the Indian River lagoon system, Florida, 

























































changes in rank between the two years (1979 vs. 1980) 
occurred in Opisthonema oglinum (rank 8 to rank 14), Bagre 
marinus (13 to 8), Micropogonias undulatus (12 to 5), and 
Gobiosorna robusturn (4 to 9). The overall IV ranks for 
positions 2, 3, and 4 were sufficiently spaced so that 
additional sampling probably would not have affected their 
positions. However, inclusive ranks 5 through 8, 9 through 
11, and 13 through 15 were sufficiently close together that 
further data collection might have caused shuffling within 
the respective sets but would have produced little change in 
the basic structure of the ranked list. 
DISCUSSION 
The objective of this fish sampling program was to 
develop a quantitative data base to serve as a baseline for 
future long-range monitoring. I believe that this trawling 
program produced a maximum amount of information at minimal 
cost. In sampling of this type, increasing sampling effort 
either spatially or temporally leads to increased expense. 
My study was based on sampling a relatively small number of 
stations during four months of a single season for two 
consecutive years. Sampling in a single season avoided the 
statistical difficulties of dealing with annual cycles in 
distribution and abundance of fish species. Summer-time 
sampling proved ideal in regard to climatic conditions and 
logistics. Furthermore, most if not all fish species 
collected are year-round inhabitants of the lagoon system 
(Snelson, 1980). 
The 57 species collected comprise about one-half of the 
total species known to inhabit this portion of the lagoonal 
system (Snelson, manuscript). Most of the individuals 
collected belong to relatively few species and the most 
abundant species was Anchoa mitchilli, situations typica l i n 
estuarine systems thr oughout the southeast (Dahlberg and 
Odum, 1970; Swingle, 1971; Livingston et al., 1976; Ogren 
43 
and Brusher, 1977). 
In a year-round study, Snelson (1980) found water 
temperature and turbidity to be weakly but significantly 
correlated with several fish community parameters in this 
same study region. I found no statistically significant 
correlation between depth, temperature, pH, turbidity, 
salinity, or dissolved oxygen and any index of diversity, 
richness, or abundance in the fish community. The 
abundance of selected species, however, was influenced by 
vegetative cover and salinity. The far greater catches of 
Syngnathus scovelli and Gobiosoma robustum in the Indian 
River (Table 7) can be attributed to the greater amount of 
vegetation collected there. Snelson (1980) and Kulczycki 
44 
et al., (1981) found these two species to be positively 
associated with drift algae. Although Bairdiella chrysoura 
and Leiostomus xanthurus occur over broad salinity ranges, 
Parish and Yerger (1973) found that a dramatic decrease in 
numbers accompanied declining salinities. This correlates 
with the greater numbers of these species collected in 
Mosquito Lagoon, the most saline subarea. However, Lagodon 
rhomboides was most abundant in the Banana River, the least 
saline subarea, contradicting the positive correlation found 
between abundance of this species and salinity by 
Subrahmanyan and Drake (1975). 
I can only speculate as to why stations in the most 
and least saline subareas, Mosquito Lagoon and Banana River 
respectively, produced the greatest number of species 
(Table 10); while the Indian River produced the greatest 
mean number of fish per trawl tow, primarily Anchoa 
mitchilli (Tables 6 and 8). Perhaps the high species 
diversity in Mosquito Lagoon and the Banana River is due 
45 
to their more pristine and undisturbed conditions. No 
causeways yet traverse Mosquito Lagoon and its shoreline 
remains essentially undeveloped, especially 1n those areas 
included within the Merritt Island National Wildlife Refuge. 
In addition, boat traffic is minimal in the undredged 
southern section, which included station 2. The northern 
part of Banana River is located within the security perimeter 
of the J.F. Kennedy Space Center and the Cape Canaveral Air 
Force Station. The area is closed to commercial and sport 
fishing and most boat traffic. There is no private 
development on the shores. Other than in the immediate 
vicinity of the Port Canaveral Locks, there are few parts of 
the northern Banana River continually impacted by man's 
activities. 
Of the three subareas, Indian River is clearly the most 
heavily impacted by man's activities. It also has the 
lowest average species diversity. The Indian River is 
subdivided by four causeways in the study area. It carries 
considerable boat traffic, including large barges, fishing 
vessels, and private yachts that ply the Intracoastal 
Waterway. There are two fossil fuel fired power plants on 
the western shore that emit heated effluents. The Indian 
River receives waste water from Kennedy Space Center and 
Titusville and numerous small industries along the western 
shore. The western shore is heavily developed virtually 
the full length of the study region. 
The heterogeneous data collected in this study are a 
result of two factors, (1) the inherent variability found 
46 
in estuarine biological systems and (2) the variability 
associated with sampling fish populations, which often show 
contagious distributions (Bechtel and Copeland, 1970; 
McErlean et al., 1973). Because of this variability, it is 
usually difficult to demonstrate and statistically defend 
temporal and/or spatial changes in distribution and absolute 
abundance of fish species. As a consequence, most authors 
(e.g. Dahlberg and Odum, 1970; Turner and Johnson, 1973; 
Livingston, 1976; Ogren and Brusher, 1977) simply rank 
species on the basis of relative abundance. However, ranking 
by relative Importance Value has advantages over ranking by 
abundance and, in my opinion, IV is the best index for the 
evaluation of change in long-range monitoring of the lagoon 
fish community. Ranking by relative abundance to determine 
dominance is certainly fast and simple, because the only 
datum needed is the number of individuals of each species 
captured. However , because size of the individuals and 
their frequency of capture are not considered, relative 
abundance alone is neither intellectually satisfying nor 
47 
ecologically sound. Intuitively, a 0.1 g Lucania parva 
and a 1.0 kg Arius felis cannot be equal in a functional 
sense. The larger species certainly demands more of its 
habitat in terms of nutrients and space; and consequently, 
it must have a greater impact on the estuarine environment 
as a whole. Furthermore, some species may be abundant in 
one limited area but uncommon elsewhere; while other species 
may be less abundant but widely distributed. Relative 
abundance alone makes abundant but localized species appear 
disproportionately significant. Because the IV index also 
evaluates frequency of capture, this problem is at least 
partially negated. Finally, IV is responsive to changes in 
size (biomass) distribution that may occur with or without 
accompanying changes in abundance. For example, if a 
species failed to spawn successfully during its reproductive 
season, the absence of young-of-the-year in succeeding 
samples would influence the size of an average individual, 
thereby altering IV. 
The top fifteen species ranked on relative abundance 
and IV over the entire study are compared in Table 14. The 
first, second and twelfth ranked species are the same onboth 
lists and the two lists contain ten other species in common. 
Although there is not a great difference between the two 
lists in the rankings of the se 10 s pecies, the ranking by 
IV is most realistic. Lucania parva, for example, was one 
of the 15 more abundant fishes collected; but due to 
48 
Table 14. Overall ranking . of the top fifteen epibenthic fish species 
collected in the Indian River lagoon . system, Florida, summers 1979 
and 1980 . . Ranks . are .based .on relative .abundance and . importance value. 
·Relative Abundance Importance Value 
Rank Species Rank . Species 
1 Anchoa mitchilli 1 Anchoa mitchilli 
2 Bairdiella chrysoura 2 Bairdiella chrysoura 
3 · cobiosoma robustum 3 Arius felis 
4 Syngnathus scovelli 4 Leiostomus xanthurus 
5 Leiostomus xanthurus 5 Anchoa hepsetus 
6 Opisthonema oglinum 6 Lagodon rhomboides 
7 Anchoa hepsetus 7 Gobiosoma robustum 
8 Lagodon rhomboides 8 Micropogonias undulatus 
9 Micropogonias undulatus 9 Syngnathus scovelli 
10 Arius f e l is 10 Menticirrhus americanus 
11 Lucania parva 11 Opisthonema oglinum 
12 Bagre marinus 12 Bagre marinus 
13 Menticirrhus americanus 13 Cynoscion regalis 
14 Diapterus auratus 14 Harengula jaguana 
15 Harengula jaguana 15 Sphoeroides nephelus 
49 
its small size and infrequent capture, it was not ranked 
in the top 15 by IV. On the other hand, Cynoscion regalis 
and Sphoeroides nephelus were also collected infrequently 
but the individuals collected were usually quite large 
compared to other species taken. Consequently, neither was 
ranked in the top 15 species by relative abundance; but both 
were high in the IV ranking. Finally Diapterus auratus was 
ranked fourteenth on the basis of abundance. However, 142 
of the 156 collected (91%) were taken in the Banana River. 
In terms of frequency of capture or widespread distribution 
in the study area, this species obviously was not dominant. 
Other advantages of the IV index were discussed by Snelson 
(1980). 
50 
Appendix I. Size criteria used to assign fish species to life stage 
categories. Lengths given are em total length except for stingrays 
































































12.0 - 24.0 
12.0 - 24.0 
15.0 - 30.0 
6.0 - 18.0 
5.0 - 10.0 
5.0 - 10.0 
3.5 - 5.5 
3.5 - 5.5 
3.5 - 5.5 
10.0 - 25.0 
10.0 25.0 
5.0 - 12.0 
1.5 _ , 2.5 
1.0 3.0 
1.0 - 2.0 
1.0 - 2.0 
3.0 - 5.0 
0.9 - 1.8 
8.0 - 15.0 
5.0 - 7.0 
15.0 - 30.0 
15.0 - 30.0 
5.0 - 20.0 
5.0 - 15.0 
5 . 0 - 15.0 
6.0 - 12. 0 
10.0 - 20 . 0 
15 . 0 - 30 . 0 
8.0 - 16.0 
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Appendix I. (cont.) 51 
Species Young(<) Juvenile Adult(>) 
Eucinostomus gula 8.0 8.0 - 16.0 16.0 
Orthopristis chrysoptera 5.0 5.0 - 14.0 14.0 
Archosargus probatocephalus 5.0 5.0 - 20.0 20.0 
Lagodon rhomboides 5.0 5.0 - 14.0 14.0 
Bairdiella chrysoura 5.0 5.0 - 13.0 13.0 
Cynoscion nebulas us 10.0 10.0 - 30.0 30.0 
Cynoscion regal is 10.0 10.0 - 30.0 30.0 
Leiostomus xanthurus 6.0 6.0 - 16.0 16.0 
Menticirrhus americanus 5.0 5.0 - 18.0 18.0 
Micropogonias undulatus 6.0 6.0 - 18.0 18.0 
Pogonias cromis 15.0 15.0 - 30.0 30.0 
Chaetodipterus faber 15.0 15.0 - 30.0 30.0 
Mugil curema 10.0 10.0 - 20.0 20 .. 0 
Chasma des saburrae 1.5 1.5 - 3.5 3.5 
Gobionellus hastatus 4.0 4.0 - 9.0 9.0 
Gobiosoma robustum 1.5 1.5 - 2.5 2.5 
Gobiosoma bosci 1.5 1.5 - 2.5 2.5 
Microgobius gulosus 3.0 3.0 - 4.5 4.5 
Microgobius thalassinus 3.0 3.0 - 4.5 4.5 
Prionotus tribulus 5.0 5.0 - 15.0 15.0 
Citharichthys spilopterus 3.0 3.0 - 8.0 8.0 
Paralichthys albigutta 6.0 6.0 - 15.0 15.0 
Achirus lineatus 3.0 3.0 - 8.0 8.0 
Symphurus plagiusa 5.0 5.0 - 14.0 14.0 
Monacan thus hispidus 5.0 5.0 - 15.0 15.0 
Sphoeroides nephelus 5.0 5.0 - 15.0 15.0 
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Appendix III. Tables summarizing fish catch statistics 
for trawl samples taken in the Indian 
River lagoon system, Florida, summers 
1979 and 1980. Tables show the number of 
individuals, percent young, percent 
juvenile, percent adult, and frequency 
of collection (in X out of 7 tows) and 
percent for each species collected. 
Station number is shown in the far left 
column and month/year of the sample is 
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